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By De X. Beeler asd John P. Mapr 

Acceptance flight tes te  were-conducted by the Bell Aircraft 
Corporation on the XS-1 reseazch airplane t o  fulfill contractual 
requirements. During the  teste,  the EACA obtained preliminmy 
measurements of t h e  aerodynamic loads and handling qualities of the 
airplane. The lift and bufget bounwies  for the a i r p a a  
were also determined. The buffet boundaries and the results of the 
load masuremeilta f o r  the airplane equipped with a 10-percent"thick 
wing and an 8-percent"thick ta i l  axe preeented in this paper. 

The results ahm that, except for a mamentazy increaee between 
a Mach  number of 0.57 and 0.65, the mximm l i f t  decreases with 
increasing Mach number through the range of t h e   t e s t e .  The mPlst- 
l i f t  values obtained during abrupt .maneuvers were hi-r than those 
obtained  during gradual rmneuvers. Above a Mach nuniber of 0.71, 
buffeting of the airplane w a ~  experienced before maximum lift m e  
obtained. 

Ths maneuvering a;nd buffeting loads encountered at the high 
altitudes of the t e s t e  were w e l l  within t h e  design l o a h  for %he wing 
and the  horizontal ta i l  up t o  lift md t o  a Mach number 
of 0.80. The wing and the tail loads obtaine'd in  f l i gh t  have shown 
fairly good agreement with wind4unnal ami calculated data. 

It is indicated fram the maximum lift and buffet b0undm-y 
obtained up t o  a Mach Ilumber of 0.8 that an alt i tude of 30,000 t o  
40,000 feet would be an .optimum altitude for proceeding t o  higher 
Mach numbers i n  .the research program of the airplane. 

EI connection 
obtain aerodynamic 
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with t h s  IWCA-Arqy fligh~-research program t o  
data at high speed, the B e l l  Aircraft Capany 
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. 
contracted  to  build a research  airplane capable of attalnfng  transonic 
speeds  in level flight. During the acceptance  teste of the airplane, 
the NACA obtained  prelfmfnary  flight  data  which  served as a guide  in n 

pl&nnlng  further  flights  at  higher  speeds  and  altitudes. The flight 
data  were  obtained from measurements  of t h e  loads  acting on the  airplane 
and fram the  determination of the stability and control  characteristics 
of the airplane. . 

Reported hereinare the resulte  of the loads measurements  together 
with the maximum lift  end  buffet  boundaries for the airplane. Also 
included are applications of'the data which may 8eme aa guides in 
planning future flights  of t h e  airplane  to  higher  speeds  and  altitudes. 

The results of the  stability  and  controlmeeLsuremente are reported 
in  reference 1. 

SYMBOLS 

calibrated  airspeed, miles per hour 

free-stream dpnamic pressure, pounds per square foot 

static pressure, pounde  per square foot 

fre-tream  Mach  number 

normal load  factor (meamred perpendicular to airplane  center 
l ine  ) 

airpland gross weight,  pounde 

wing area, squaxe feet 

lift coefficient (Lift/qS) 

preesure  altitude,  feet 

aerodynamic load,  pounds 

wing mem aerodynamic chord, feet e. 9.' ' 
airplane  zero-lift  pitching  moment, t a i l  off,  foot-pounds 

airplane  zerc-lift  pltching-moment  coefficient  at low speed, 
. 

tail off  (MJqSc') 

acceleration of gravity,  feet  per second per sscond 

. 
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Glauert contpressibility  factor 

Subscripts: . , 

T t a i l  

A airplans 

F fuselage 

The r.esearch airplane, aeaignated by the Arqy a8 the -1, i e  a 
rocket-propelled strai&t+?bg airplane. ALt;hougb two models of the 
airplane were flam in t h s  acceptance teats,  one incorporating a lCkpercent- 
thick wing and an 8-percent-thick horizontal dabi l izer ,  and the other 
an %percent-thick wing and a &percen+thick  horizontal  stabilizer, the 
data presented herein were obtained with the lwercent-thick wing 
airplane. Photographs of the airplane are ,#Ten in figures 1 and 2, and 
a three-view drawing of the alr-plans fs presented in  figure 3. The 
dimensional characteristics of t& afrplane w e  l i a ted  i n  taple I. 

c 

Strain gages, used to m e m e  shear and bendfng moment, were 
I n s t a l l e d  near  the wlng and t a l l  r o o t  stations a8 IndLcated in figure 3. 
Th8 shear m e a  were located on the front an5 rear spar webs nsar the 
neutral axis, and. the bendi-rient gages were loca%ed on the skin 
near the spar flanges. Calibrated loadEI wme applied t o  the xfng asd 
the tail at various stations along the span asd chord t o  make possible 
the  interpretation of t h e  measured straiwa.ge deflecttone in terms of 

oscillograph. In additfon t o  the reco&ing oscillograph, stmd%xd 

* 

- applied lo&. Gtrain-gage deflections were recorded on a l.2-channel 
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NACA instruments  recording m c t  pressure, acceleration  near  the 
center  of  gravity,  pressure  altitude,  and  control  positions  were  installed 
to aid in t h e  evaluation of t h e  measured-load data. The airspeed  and 
altitude recorders were  connected  to a Kollmnan fired  airspeed  head 
located at approximte1;y 100 percent of the local wing chord  ahead of 
the wing near the wing tip. 

4 

The  flights  were  conducted by launching the 115-1 airplane frm a 
modified bomb bay of a EWg airplane  at various altitudes. On cnmpletion 
of a powered  fli@t,  all fuel was  jettisoned and a glide  flight w a ~  
made to landing. The tests  were  conducted  at  altitudes from 12,000 
to 30,000 feet within a Mach  number range of 0.27 and 0.80, and  con- 

pull-ups to maximum obtainable lift and through the buffet  boundary. 
The greater part of the  data  presented  herein was obtained during 
gliding flight with all fuel  jettisoned. 

sisted Of level-flight 8-8, gradual tuMle to  stall, asld abrupt 

A preliminary  calibration  of  the  pitot-static  installation on 
t h e  XS-1 airplane was made up  to a Mach number of 0.77. Results of t h e  
calibration  indicated that, for these .teste, the  measured Mach number 
was accurate  to kO.01. Since the calibratfon Showed that t h e  position 
error was mall, no correction for poeition error has  been  made in 
evaluating  the  Mach  number. The measurement of tail and wing shear and 
bending  momLent is accurate to do0 pounds and a000  inch-pounds, 
respectively, if errom which  might be introduced by t h e  recording 
oscillograph  due to temperature and humidity ch-s are neglected. 
Due to  errors  introduced in t he  determination  of wing loading,  dytmnic 
pressuTe, and the a s e ~ t i o n  that the lift is equal to .the no& force, 
t h e  maximum er ror  in %A is approximately LO.& at  the  highest lift 

coefficients.  At  the lower lift coeffioients encountered in high-speed 
flight t h e  accuracy is better. 

I . 

Tlme histories.-  Tgpical  time  hietories of various  related 
quantities during abrupt ptrll-ups frm level fli&t to  stall and 
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during  a  gradual turn t o  st& are given in figures 4 and 5. The 
ameleratione  reported  herein and used t o  determine a4rplese lift 
coefficient  during  buffeting have been obtained fram a mean of the 
fluctuations of the acceleration  record  as  indicated in figures 4 and 5 .  
The wing asd tail loads within t h e  buffet region are mean vaJ-uas of the 
measured4oad fluctuatione. Due t o  the nature of the strain- 
records, however, these values were scmewhat questionaljle. Bcept   in  
the case of buffeting loads, therefore, the loads data  presented i n  
subsequent figures were obtafned frcm points obtained below the buffeting 
boundary. The loads presented w e  measured values corrected for lner t ia  
loads an& m e  therefore aeroagnamic loads. The time histories presented 
in figures 4(b) as& 5 for  a Mach number of about 0.71 and 0.64, 
respectively, axe representative of l-peed stalls; that is, the 
maximnmlfft possible in t h e  particular maneuver is obtained  before 
buffeting of the akplane occurs. The time histories of figure 4(a) 
a m  representative of a hi&-speed s td l  *ere buffeting  occurs  before 
maximum lift hers been reached. 

maximm lift and buffetfng in terms of 'lift coefficient and 
Mach number were established and axe presented in figme 6. Boundaries 
are presented for  abrupt meuver s  and gradual maneuvers. The abrupt 
meuver s  consisted of abrupt pull-ups, made ae rapidly aa possible, t o  
stall. The gradual maaeuvera are wlaccelerated  level-flight stalls asd 
turns t o  stall. The boundarise have further been identified by 
appropriate sgnibols f o r  the f l i @ M e s t  pobts t o  denote the attatanent 
of buffeting at lift and t o  denote the attainment of buffet- 
before madmm lift has been reached. 

The Mach  nuniber range i n  which the lift aesociated w i t h  a 
given maneuver is obtained  before or aimultaseously with t h e  oneet of 
buffeting is defined In thFEl paper a8 the maxinum-lift region. The 
Ezach  number range above 0.71 whem buffeting  occurs  before maximum lift 
is reached segardless of t h e  t m e  of maneuver is defined as  the  buffet 
region. These regiom are noted in  figare 6. 3 k  the  buffet  region it 
may be noted that two boundmies axe presented for the abrupt mBsemer, 
one defining the f i rs t  occurrence of buffeting, and one defining maximum 
lift obtained in the mBseuver. 

Airplane l i f t  components .- Figure 7 shows the  contribution of the 
wing, t a i l ,  and fuselage t o  the t o t a l  airplane lift. The lift c q o n e n t a  
a r e  given in coefficient form and m e  based on t h e  gross wing area. 
The components  of lift due t o  the wing and tail have been detezmined 
from aerodynamic loads obtained f r a m  strain-gage measurements, w h i l e  the 
lift due t o  the fuaelage is the difference between the airplane  total 
l i f t  as determined by the n o m  acceleration, and t h e  sum of t h e  wing 
and t a i l  lifts. 
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Tail loads.- In evaluating  the  tail  load,  flight  conditions were 
chosen nhere the  pitching  acceleration was small or zero. With this 
selection, the tail load may be  defined as 

and ma.y also be ewressed as 

t h e  

c 
LA 

c 

flight  data  have  been  evaluated on t h e  basis of equation (la) and 

results are &own in  figure 8 where I;r is  plotted  against 

l,h-. The data  apply  condition 
where  the  center of gravity  and  weight are constant. The slope  of  the 
l ine  in figure 8 is, from eq-tion (la), a meame of the  position of 
the  aerod,pamic  center while the  intercept  is a measure of C&. A 
curve  derived  from  the  results of wind-tunnel  tests is also included for 
comparison. From the  slopes and intercepts, t h e  ove-1  low-+peed 
coefficient %, the  aeroaynamic  center for the  tail-off  condition, 
and t h e  tail load per g, X, were  determined f o r  the flight wind- 
tunnel  data  and axe presented for cmparison in table 11. 

Additional  tail-load data were obtained  during  powered  flights  at 
various airplane gross weights.  Since a direct  record of f i e 1  aboard 
was not  obtained  dur’in@;  flight,  the  weight  at a.ny instant was computed 
by using a value of the qecific fuel  consumption,  determined from 
operational  tests of the  rocket  on  the  ground, equal to 7.87 pounds  of 
Rzel m i x t u r e  per  second per cylinder.  The  center of gravity was 
computed by assuming a linear  variation of t h e  center-of-gravity 
position  between  the  empty  and full weight  condition. The data f o r  
all waight  conditione  tested a r e  included  in  figure 9, and the  distance d 

is included in the  parameter %A {- to  account for t h e  various 

center-of-avity  positions  associated  with  different  airplane  weights. 
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W i n g  lateral   center of lift.- Figure 10 ahms the variation of 
the  lateral  center of-wing lift with wing lift coefficient. The lift 
center has been determined from ahear- and bendiwcment meamements 
by st rain gages located approximately 4 inches outboard of t h e  
fuselage junction.  Therefore,  the lateral   center of lift BB given is 
the centroid of the loadlng outboard of the gage s ta t ion   in  terms of 
wing semispan. The data were obtained f o r  Mach numbers ranging from 
0.40 t o  0.80. lncluded also i n  figure 10 are lateral<enter-of-lift '.-._ 
variations as conq?uted by s t r i p  and the l i f t w l i n e  theories. The 
locations of the centers of lift obtained by these &&I are determFned ' 

on the same basis a~ for  the experimental  data. 

B u f f e t i n g  loads.- During flights w i t h i n  the  buffeting  region, an 
envelope of wing-ad tail-load fluctuations has been established and 
evaluated i n  terms of measured wing and tai l  buffeting loads. A 
v-ariation of meamred buffeting lade w i t h  airplane lift Coefficient 
is presented in   f igure 11 f o r  a rasge of Mach number frcan 0.72 t o  0.80. 
The buffeting loads given in  f igure ll are  structural 10- and include 
inertia  effects. 

Maximum l i f t  and buffet boundary.- As is aham in figure 6 ,  there 
is a general  decrease in airplane mxbmm lift with increasing Mach ' 

number  up t o  a Mach llumber  of about 0.57. The maxlmum lift then 
increases  until a peak is reached at a Mach  number of 0.65 af te r  which 
a general  decrease in  mRxtmr3m lift contimee  with  increming Mach 
number. .me peaking of the maximmhlift curve is characteristic of 
some luw-drag a i r f o i l s  where, f o r  a Small raage of Mach numbers, the 
chordwise broadening of the low-presaure region more than offsets any 
reduction in negative  pressure peaks that  may occur with increasing 
&ch  number. A t  higher Mach numbers the broadening of the 1aw"preeeure 
region is, i n  the present  case, not sufficient t o  offset the reduction 
in negative  pressure peaks, and t h e  lift coritinues t o  decrease 
with increasing Mach number. 

The t w o  points aham in figure 6 t o  the right of the vertical  Une 
and above W e  buffeting limit are believed t o  represent mexinnun lift 
coefficients. This belief I s  based on the fact that these two pull+~ps 
were made as rapidly as possible and, &8 indicated  in  figure &(a), a 
further movement of the  elevator even af te r  lift had been 
obtained caused no further  increase In acceleration. Although mch 
behavior  could also be attributed t o  a sudden increase in s ta t ic  
s t a b i l i t y  or  a loss in  elevator  effectiveness, ths fac t  that these 
two points form a continuation of the solid curve t o  t he   l e f t  of a 
Mach  number of 0.71 appears t o  substantiate the belief that these 
a re  maximum lift coefficients. Thus, the mR.n.trmlm"lift boundmy f o r  the 
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airplane  appears  to  have  bean  established  up  to a Mach  number of 
approximately 0.8. 

At  Mach  numbers  greater  than 0.71 airplane  buffeting  is  experiancsd 
at  lift  coefficients  less  than maximum lift. These conditions  are 
defined  by  the  daeh3d  buffet  boundary  in  figure 6 .  Since  the first 
indication of buffeting  ie a result  of a partial breakdm of  air flow ' 

over  the wing, the  buffet  boundary  does  not  necessarily  rapresent a 
limiting  boundary  for  the  airplane. In order  to  attain maximum lift 
in  the  buffet  region, t h e  airplane  must  be  flawn  through  the boundary 
and into  the  buffet  region. 

In t h e  maximum-lift  region  higher vetlues of maximum lift  were 
obtained for abrupt  maneuvers  than  for  gradual  mrtneuvers. This effect 
is  associated  with t h e  higher angular velocities  in  the  abrupt pull-up3. 
Sufficient  data have not  been obtabed to eetablish  the  effect of angular 
velocity  on maxim lift. 

Airplane lift ccxrponents.-  It  is shown in figure 7 that  the  fuselage 
of  the XS-1 airplane  produce%  approximately 20 percent  of the total  lift 
of  the  airplane  at  the  higher  lift  coefficients.  Since  the  area 
intercepted by the  fuselage is about 20 percent  of  the wing area,  it 
is  seen  that  the -elage carries load corresponding  approximately to 
the  intercepted wing area.  Within the range of  the  tests  it appeare 
that aay Mach  number  effect on the distribution of lift  between  the 
cmponents is mall. 

1 

&izorital;tail loads.- Fram the  results  given in figures 8 and 9 
and  the  compa;risons  of  the  derived  quantities  shown  in  table 11, it 
can  be  seen  that  there  is  good weemetnt between  the  flight and wind- 
tunnel values for the aeroaynemic center,  and t h e  tail  load  per g, and 
raasonable  agreement  for  the pitch-nt coefficient of the wing- 
fuselage Combination.  Within  the  range  testsd,  the  loads  on  the  tail 
a r e  coneiderably less than the  design values, since  the  airplane was 
desi-sd  initially for a moment coefficient  of 4.1, and the horizontal 
tail was designed  to  withstand  the  load  requined  to  balance 18g at a 
weight of 8400 pounds. 

Wim lateral  center of lift.-'Fram the  results  given in figure 10 
it  can  be  seen  that  the wing lateral center  of preseure is  constant  at 
the  higher  wing  lift  coefficients but, due to a slight  weshout  of 
the wing, moves inboard a very s m a l l  amount  at lm+r lirt coefficients. 
It  is als:, seen that  the  measured  results  agree  aery w e l l  with  predicted 
valuaa  Dbtained from either 1ifting"line  or  strip theory.  It may be 
inferred from the slnall amount of scatter  that  the  effect  of  Mach 

" 

number  on t h e  center of pressure  is  negligible  in ths range  from 0.3 
to 0.8. 

. 

I 

c 

L 
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Wing and tail buffeting loads.- sufpicient data were n o t  obtained 

during  the acceptance tests of t h e  airplane- to determine the variation 

that there is an insrease in wing and t a i l  buffeting loadsr with as 
increase in airplane lift coefficient.  Buffeting  fraquencies of 
approximately 14, 25, and 40 cycles .per second have bean established 

t o  the w i n g  and t a l l  first symmetrical bending modes of vibration. 
There is no apparent effect of Mach m b e r  Etnd -lift coefficient on the 
obsemed frequencies. The magnitude of the buffeting  loads  for the 
Mach number and U f t - c d f i c i e n t  range .tested is relatively low and is 
w e l l  within design-load limits of t h e  Wrplane. 

1 of buffeting l o a d s  w i t h  Mach number.  However, it is  6hm ( f ig .  1 2 )  

- fram the strain-gage  r.ecorda. The first two values correspond rou- 

3,oad factor and alt i tude Xmit boundaries.- Although the flights 
on the XE-1 mported  herein have not  given r i s e  t o  p r t i c u l a r l y  Bsvere 
loads or  umxgected Mach number effects, it is desira;ble Tn extendhg 
the program to carry out future tests at alt i tudes a,a hi& &B pomible 
in order t o  both minimize the impact pressure f o r  a given Mach  number 
and t o  limit the amount  of load which may inadvertently be placed on 
the a i r p b s .  The upper bomrkry given in figure 6 together with the 
relation 

\r 

has been used t o  derive the curve6 given i n  figurse 12. The tw3 w h g  

dition where approximately 1 minute of fuel remains. l?tte lad- 

factor  relatian n = has also been used t o  determine the 

maximum al t i tude-  at  which l g  level f l i&t  is possible at various Mach 
nlllll'bers. These res l l t s   a re  shown in  f igure 1 3  for  the same two wing 
loadings. 

- loadings shown correspond t o  the fully loaded condition and t o  the con- - 
0. 7PM2CLA 

w/s 

The resul ts  shown i n  figare 13 constitute an upper limit af 
alt i tude f o r  l eve l4 l igh t  operation wit21 no margin for maneuvering. 
The lower alt i tude limit for operation may be obtaimd from figure 12 
and is determined by the selection af the -gin o f  maneuverability 
required t o  perform the tes ts .  Asmming that a l g  margin is required 
f o r  maneuvering, it appears M the basis of these limits that the 
opthmm operating altit-dde for future   tes ts  would b3 between 30,000 
and 40,000 feet ,   the lower limit being associated w i t h  the hi&er 
Ta-lg 1". 

. 
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Fram the data obtained 
airplane, it i e  &am that  : 

during  the acceptance t e s t s  of the XS-1 research - 

1. The maximum l i f t  obtained in  abrupt maneuvers decreases with an - 
increase i n  Mach number  up t o  a Mach 'number of 0.80 with the exception 
of a minor increase in  l i f t  between a Mach  number of 0.57 and 0.65. 

2. The variation of maximum lift obtained i n  gradual m~zleuvers with 
Mach  number indicated t h e  same trend as in abrupt  m~neuvers,  except that 
maximumqift values obtained i n  abrupt maneuvers were hi&er than those 
obtained i n  gradual manauvere. 

3. The wing- txiLtail-load data.have &own f a i r ly  good agreement 
with wind-tunnel  and calculated data. 

4. The l o d e  encountered up t o  maximum l i f t  and t o  a Mach number 
of 0.80 are w e l l  within the desfgn conditions for the wing and horizontal 
tail.  

5. !be opt- altitude fo r  proceeding t o  hi&r Mach numbsrs i n  
the research program of the airplane appears t o  be between 30,000 and 
40,000 feet  . 
Langley Memorial Aeronautical Laboratoqy 

National Advisory Committee for Aeronautic6 
Langley Field, Va. 

1. Williams, Welter C., Forsyth, Charles M., and Bruwn, Beverly, P.: 
General H a n d l h g " t y  Results Obtained during Acceptance 
Flight Tests of the Bell XS-1 Airplane. IUCA RM Xo. I8.AO9, 
1947 

. 
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Afrplane : 
Weight during acceptance tests: 

Lanaing condition (no fuel), III . . . . . . . . . . . . . . . .  6750 
Launching condition ( fu l l  fuel), lb . . . . . .12,000 

Lana- condition (no mel) . . . . . . . . . . . . . . . . . .  25.3 
Launching condition (full. f u e l )  . . . . . . . . . . . . . . . .  22.4 

quarter-chord s ta t ion (c-g. 25-3 percent), ft .  . . 13.93 

C e n t e ~ f - g r a v i t r  position, percent mean aerodymmic chord: 

Horizontal  distance frarn a i rp lane  center of gravtty to t a i l  

- .  
Power plant of rocket motor: 

Ember of cylinders . . . . . . . . .  . . . . . . . . . . . . . .  4 
Static  thrust  (each c y l M e r  1, 1.b . . . . . . . . . . . . . . . .  1500 

wing  : 
Area, sq f t  (including  section through fuse~age) . . . . . . . .  130 

Airfoil section  (root t o  trp) . . . . . . . . . . .  NACA 65i-.uo(a = 1) 
m i c h e s s  (percent wing chord) . . . . . . . . . . . . . . . . .  10 
Aspect r a t io  . . . . . . . . . . . . . . . .  : . . . . . . . . .  6 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2:l 
Mean aercdyn~mic chord, in, . . . . . . . . . . . . . . . . . .  57.71 

Geometric M s t ,  deg . . . . . . . . . . . . .  lo mahout r o o t  to t i p  
Sweepback (leading edge), deg . . . . . . . . . . . . . . . . . . . .  5.05 
Dihedral, deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

span, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 

lncfdence root chord, deg . . . . . . . . . . . . . . . . . . . .  2.5 

Horizontal tail: 
Area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  26.0 
Thickness, percent chord . . . . . . . . . . . . . . . . . . . .  8.0 
span, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l l . 4  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  5.0 

Revat o r  : 
Area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  5.2 
Travel re lat ive  to   s tabi l izer ,  deg . . . . . . . . . .  15 up, 10 d m  
Chord, percent of horizontal-tail chord . . . . . . . . . . . . .  20 



WL;E: I1 .- C W A R I S O M  OF FLIW AM) 

FOR THE XS-1 AIRPLANE 

Source 
of 

teste 

Location of 
airplane 

aer-c 
center, t a i l  
off ,  percent 

M.A. C. 

I I Horizontd ta i l  
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Figure 1. - Front view of the XS -1 airplane. 
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Figure 2. - Side view of the XS -1 airplane. 
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Figure 3 . -  Three-view drawing of XS-1 airplene showing 
loca t ion  o f  s t r a i n  gages f o r  measuring wing and 
tall loads 
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